In the years 2003-2012 the effects of nitrogen fertilization and term of harvest on the dry matter yield and biomass quality of Miscanthus × giganteus were examined. The harvest was carried out each year in the autumn and in the spring following year. No significant differences in yields between the sites were observed but the effect of weather conditions in individual years dominated. The nitrogen fertilization increased average biomass yields at the site Prague-Ruzyně by about 14% at the dose of 100 kg/ha and at the site Lukavec by about 11% at the dose of 150 kg/ha in comparison without N fertilization. Average yields of dry matter at Prague-Ruzyně 19.60 t/ha and at Lukavec 18.24 t/ha were achieved at the autumn term of harvest. The loss of biomass over the winter period was 24.3% at Prague-Ruzyně and 24.0% at Lukavec. In the spring term of harvest lower contents of all monitored elements were detected in the biomass of Miscanthus compared to the autumn term of harvest.
The consensus is that the use of renewable energy does not have so serious negative impact on the environment as fossil fuels. This is often explained by a reduced consumption of finite primary energy and reduced emissions of greenhouse gases. Among today's renewable energy carriers, solid biofuels seem to be favourable. Energy crops suitable for the production of solid biofuels are characterized by high lignin and cellulose contents. In such ligno-cellulose crops the whole aboveground biomass is harvested and energetically used. Among potential plants Miscanthus, a genus with C 4 photosynthesis and native of Asia, is known to have the most promising biomass for the production of solid biofuels in temperate regions of Europe and can be used as a biomass energy crop (Jones, Walsh 2001) . Over the past 20 years Miscanthus grass has been widely studied as a perennial energy crop for Europe. Most of the research has been conducted on Miscanthus × giganteus Hodk. et Renvoize a natural hybrid between M. sacchariflorus (Maxim.) Hack. and M. sinensis (Andersson) (Christian et al. 2005) . Field trials in Europe with Miscanthus × giganteus have shown that this genotype can, from its second to third year following establishment after planting, produce annual yields ranging from 10 to 40 t/ha of dry matter (Lewandowski, Clifton-Brown 2000) . The objectives of the present study were to investigate the effects of site, nitrogen fertilization and terms of harvest on dry matter yields and other important characters in Miscanthus × giganteus.
MATERIAL AND METHODS
In the period 2003-2012 the field experiments with Miscanthus × giganteus were performed at two different sites (Prague-Ruzyně and Lukavec) with four levels of nitrogen fertilization. Site conditions are shown in Table 1 . Miscanthus stands were established at both sites using rhizomes. The planting density was 1 plant per 1 m 2 . The plot size was 3 × 5 meters. Nitrogen fertilization was as follows. In the year of planting nitrogen fertilization was not applied. From the second year the following N doses were used: N0 -without N fertilization, N1 -50 kg/ha (one dose in ammonia sulphate after harvest in spring), N2 -100 kg/ha (fertilization in two doses -50 kg N in ammonia sulphate after harvest in spring -in March and 50 kg/ha N in ammonia nitrate with limestone at the stand height of approx. 50 cm -at the end of May), N3 -150 kg/ ha (fertilization in two doses -75 kg N in ammonia sulphate in spring -in March and 75 kg N/ha in ammonia nitrate with limestone at the stand height of approx. 50 cm -at the end of May). The harvest was carried out each year in two terms: (1) in the autumn (at the end of November) and (2) in the following year in spring (at the end of March) before emergence of plants. Subsequently, the plot yields of dry matter were determined.
Moisture content was determined by drying samples in a dryer at 90°C to a constant weight. The 90°C temperature was chosen so that the volatile substances did not vaporize from the dried sample.
The content of individual elements in plants was determined in compliance with the Czech National Standard ISO 11 885:2009 -Determination of 33 Elements by ICP-AES. Plants were decomposed in an MLS-1200 Mega microwave decomposing device from MILESTONE s.r.l. (Sorisole, Italy). The 10-position rotor (low-pressure decomposition) was used for plants. Measurements were performed using Thermo Jarrell Ash inductively coupled plasma -optical emission spectrometer from Trace Scan (Franklin, USA).
UNISTAT 5.0 package was used for statistical analyses of the experimental data. Data fulfil the requirements for normality of distribution, which was evaluated by Kolmogorov-Smirnov test. Twotail probability value 0.3716 was lower than K-S test statistic 0.9156.
RESULTS AND DISCUSSION
Average biomass dry matter yields of Miscanthus obtained after autumn harvest at the sites PragueRuzyně and Lukavec are presented in Table 2 .
The biomass yields of Miscanthus have increased since establishment until the third or fourth year. Miscanthus stands were able to give desirable high yields since the 3 rd year at Prague-Ruzyně and 4 th year at Lukavec. We can expect similar yields in these soil-climatic conditions in the following years (Strašil 2009; Strašil, Vach 2014) .
The average yields for the whole period of 10 years were similar when we compare both sites. However, variability of yield data have been highly significant over the years (Table 3) due to the effect of weather conditions in individual years, particularly due to differences in distribution of rainfall and also in temperatures during vegetation period in individual years and sites.
It is evident from our results that the highest average dry matter yield was reached at the site PragueRuzyně at N2 dose (23.69 t/ha) and doses of nitrogen exceeding 100 kg/ha did not result in the yield (Table 2) . However, in the colder site Lukavec with not so rich soils, lower soil productivity biomass yields increased from 19.07 t/ha (N0) to 21.44 t/ha (N3 -150 kg/ha N) ( Table 2) . These results show that due to adequate N fertilization dry matter yield can be increased on average by 11-14%. The highest dry matter yield of Miscanthus biomass during experimental period was achieved at the site Prague-Ruzyně in the 6 th year of cultivation (31.01 t/ha), at the site Lukavec in the 7 th year of cultivation (31.20 t/ha). Variation ranges similar at both sites (Table 2 ). The similar results were presented by Strašil and Vach (2014) . These findings imply a good adaptability of examined Miscanthus clone to different soil-climatic conditions. Lower temperature sums may be also compensated by In field trials performed in Austria (Schwarz et al. 1994 ) dry biomass yield of 8 t/ha was achieved in the second year after planting and 22 t/ha in the third year. The highest yields were obtained after harvest in November and then continuously decreased until February as a result of litter.
According to Clifton-Brown at al. (2001) yields of Miscanthus × giganteus harvested after winter fluctuated in different places of Europe (depending on irrigation) between 7 and 26 t/ha of dry matter in the third year after planting. The highest yields of non-irrigated plants ranged between 15 and 19 t/ha of dry matter.
Analysis of variance (Table 3) showed highly significant year and site by year interaction effects, but site effect was not significant. The effect of N fertilization was low (P = 0.05) and interactions of N fertilization with both site and year were not significant. Schwarz et al. (1994) also did not find highly significant effects of different N doses (0, 60, 90, 120 and 180 kg/ha) applied at the beginning of April on yield of Miscanthus.
Influence of autumn and spring term of harvest on dry matter yields of Miscanthus during monitored period at Prague-Ruzyně and Lukavec sites is given in Table 4 . Loss of biomass over the winter period was on average of the monitored period 24.3% at the site Prague-Ruzyně and 24.0% at Lukavec. These losses of biomass over the winter period (24.2% on average) are not high in comparison with some other energy crops. For example, loss of biomass over the winter period was reported to be 35.1% in knotweed and 37.5% in sorghum. Biomass losses of 20-25% in Miscanthus are significant during winter period and they are similar as in other grass species, e.g. 27.3% in Phalaris arundinacea or 28.9% in Festuca arundinacea (Kára et al. 2004 ).
The loss is compensated by the moisture reduction, as one would need to dry the harvested biomass in autumn. A stand of Miscanthus × giganteus usually does not lodge over winter, which reduces losses of biomass during winter and spring harvest. Lewandowski and Heinz (2003) observed the yield loss of Miscanthus biomass in field experiments at three locations in the south of Germany at various terms of the harvest. At the February term of harvest the losses of biomass were 14-15% and at the March term of harvest 13% in comparison with the December term of harvest. 30% loss of Miscanthus biomass over the winter period was also shown by Himken et al. (1997) . Similarly Bischoff and Emmerling (1995) found the loss over winter period to be 33%.
It is obvious that the spring dry matter yields are reduced particularly mainly due to the loss of part of leaf and branches biomass, in relation to particular weather conditions during winter period.
Differences in moisture content (in dry matter) for Miscanthus at different harvest terms are shown Spring harvest is recommended also because at this harvest term the content of potassium, chlorine, nitrogen and sulphur in the biomass of Miscanthus and other crops decreases compared to early harvest term (in the autumn). A reason for this is the translocation of nutrients to the root part and its leaching during winter (Katterer, Andren 1999) . A comparison of the elements content in Miscanthus at different harvest times per 1 kg of air-dried material according to our observations is given in Table 6 .
Determination of elements in plants is important for determining not only nutrient uptake by crops, but also for combustion of biomass. The smallest N content in biomass (generating less N ox ), small content of S and Cl (reduces the possibility of corrosion of boiler), low content of K, Mg, etc. (increases the melting point of ash) is advantageous for combustion (Strašil 2009 ).
CONCLUSION
Yields of Miscanthus biomass during the monitored period were significantly affected by weather conditions in the individual year.
At the site Prague-Ruzyně the doses of nitrogen exceeding 100 kg/ha did not already lead to increase of biomass yields in Miscanthus. At colder site Lukavec with lower soil fertility the highest average yield was obtained at a dose of 150 kg/ha of nitrogen.
Average dry matter yields of biomass in the case of harvest once a year in autumn were 19.60 t/ha at Prague-Ruzyně and 18.24 t/ha at Lukavec.
Yield results for the experimental sites suggest a good adaptability of examined Miscanthus × giganteus clone to different soil-climatic conditions.
Loss of biomass over the winter period was on average 24.3% of the monitored period at the site Prague-Ruzyně and 24.0% at Lukavec.
In the spring term of harvest lower contents of all monitored elements were detected in the biomass of Miscanthus compared to the autumn term of harvest. 
